pulmonary circulation. 2 The physiological dead space (V D-Phys ) is elevated in adults with chronic obstructive pulmonary disease 3 and pulmonary embolism 4 and it has been used to predict mortality in acute respiratory distress syndrome. 5 Dead space can be calculated using the concentration of carbon dioxide (CO 2 ) in expired breaths measured by capnography. Few studies, however, have used capnography to calculate dead space in ventilated infants 6, 7 as it has previously been problematic in prematurely born infants because of technical limitations arising from their high respiratory rates and small tidal volumes and the use of un-cuffed endotracheal tubes (ET) as there may be leakage around such ETs. 8, 9 Recently, sensitive, low dead-space CO 2 sensors combined with flow sensors have made the application of real time capnography feasible as a tool to estimate pulmonary dead space at the bedside.
Estimation of the concurrent arterial CO 2 , which is a surrogate for the alveolar CO 2 , 2 can be used in the calculation of the total physiological dead space and (by subtraction), the corresponding alveolar dead space. 10 To our knowledge, the associations of alveolar and anatomical dead space with anthropometric and clinical parameters have not been previously reported using low dead space capnography. We have recently demonstrated that V D-Phys per kilogram of body weight increases with decreasing weight and gestation, 6 but it is not known whether this relationship is a reflection of lung disease severity or of anthropometric differences in anatomical dead space. The latter is plausible as it has been shown that term-born newborn infants have higher anatomical dead space per kilogram compared to older children. 11 Furthermore, it is not known how V D-Ana and V D-Alv change with decreasing gestation and birth weight and with increasing severity of lung disease.
Our hypotheses were that weight-adjusted V D-Alv and V D-Ana would be higher in prematurely born compared to term infants and that these indices will increase with decreasing body weight and gestation and with increasing duration of mechanical ventilation, used as a proxy for the severity of lung disease. Our aims were to test these hypotheses using a low-dead space capnograph and concurrent measurements of arterial CO 2 .
2 | METHODS
| Subjects and protocol
We retrospectively analyzed data collected during a study that assessed readiness for extubation using a spontaneous breathing trial (SBT). 12 Flow, volume, and expired CO 2 during mechanical ventilation were recorded before the commencement of the SBT. The study was approved by the 
| Sample size calculation
The sample size calculation was based on the observation that a difference in tidal volume of 0.92 mL/kg was observed in premature infants between the first and twenty-first day after birth despite permissive hypercapnia. 19 The standard deviation of V D /kg had been previously shown to be 0.61 mL/kg. 20 Ten subjects in each group enabled detection of a difference in V D /kg of 0.92 mL/kg between the two groups with 90% power at the 5% level.
| Statistics
Data were tested for normality with the Kolmogorov-Smirnoff test and found to be non-normally distributed. Hence, differences in V D-Ana /kg and V D-Alv /kg between term and prematurely born infants were assessed for statistical significance using the Mann-Whitney rank sum test or Chi-squared test, as appropriate. The factors that were significantly different (P-value < 0.05) were inserted into a multivariate 
| RESULTS
Between February 1, 2016 and August 1, 2016, 113 infants were ventilated on the neonatal unit. Fifty-two infants had congenital anomalies or were extubated before the SBT could be performed and were excluded from the study. In two infants the quality of the traces did not allow for construction of a volumetric capnogram and were excluded from the study. In three infants there was no arterial CO 2 value in the 30 min preceding the SBT and were excluded from the study. Fifty-six infants were included in the study (Table 1) .
Prematurely born infants were ventilated for a longer period compared to term infants and had significantly higher respiratory rates 
| DISCUSSION
This study has demonstrated that anatomical dead space is higher in prematurely born ventilated infants compared to their term counterparts. Anatomical and alveolar dead space were significantly related to gestational age and weight at birth and at measurement. Alveolar dead space was also significantly related to the duration of mechanical ventilation.
We report median anatomical dead spaces of 2.4 mL/kg in term and 3.7 mL/kg in prematurely born infants. Values of pulmonary dead The difference in findings might be explained by differences in respiratory status as our cohort's respiratory status was sufficiently improved that they were considered ready for extubation, whereas in
Wenzel's cohort half of the infants were still ventilated two days after the initial measurement. Since the difference between the arterial and the expired CO 2 is the main parameter used to calculate physiological dead space, the significantly higher difference in PaCO 2 -ETCO 2 in our premature infants compared to the term ones, is probably a reflection of our main finding: that the anatomical dead space is higher in premature compared to term infants.
Our study has a number of strengths and some limitations. The CO 2 sensor had a low apparatus dead space and its mainstream position in the respiratory circuit allowed for a faster response time even at high respiratory rates. 22 Another strength is that we studied a cohort that consisted of both term and extremely prematurely born infants. In addition, we routinely use shouldered endotracheal tubes that minimize leak, 23 high leak would introduce significant error to the measurements via shortening of the plateau phase of the expired CO 2 . 24 A limitation is that we only included infants well enough to be considered ready for extubation. In a future study, it would be interesting to determine the V D-Alv in infants with acute respiratory distress. We did not deduct the endotracheal tube dead space in our calculation of anatomical dead space as in clinical practice real-time values of tidal volume include the apparatus dead space. However, this would be a fixed volume and changes of anatomical dead space over time would not be affected by this method if each patient is acting as their own control. We should also acknowledge that in justifying the sample size for our study, we accepted as a value of clinical significance the average difference in tidal volume at two time end points: arguably, this does not automatically qualify as an estimate of the mean difference between a group of preterm infants and a group of term infants. However this was the closest tidal volume difference that we could find in the literature that has been associated with a clinically significant outcome, hence we selected to use.
V D-Alv was significantly related to the duration of mechanical ventilation. This might be explained by either that alveolar dead space progressively increases due to over distension and ventilator induced lung injury 25 and/or that infants with more severe lung disease remain ventilated for longer periods and the duration of mechanical ventilation is a reflection of the severity of the underlying lung disease.
It has been postulated that the higher anatomical dead space in infants compared to older children might be a predisposing condition that places infants at higher risk of sudden infant death syndrome (SIDS) due to rebreathing of dead space and the ensuing hypercapnia. 11 Although the aetiology of SIDS is clearly multifactorial, it is likely that anatomical dead space corrected for body weight decreases with age from premature birth, through infancy and childhood and this relation may contribute to the decreasing incidence of SIDS with increasing maturity. From our results, it is plausible that the relatively higher V D-Ana in premature infants compared to their term counterparts might explain the higher risk of SIDS in that population. 26 Our study, if this can be replicated in other studies, has the potential clinical application that the calculation of dead space could be included in medical devices software and integrated in treatment algorithms as it could assist the selection of the optimal targeted tidal volume in volume targeted ventilation. For example, in our study we report a median anatomical dead space of 3.7 mL/kg in prematurely born infants: this might explain why the work of breathing is higher in premature infants when ventilated with low targeted tidal volumes. 27 In conclusion, weight-adjusted anatomical dead space is higher in premature infants compared to term infants and weight-adjusted anatomical and alveolar dead space increase with decreasing weight and gestation. Alveolar dead space is increased in infants that have undergone prolonged mechanical ventilation. 
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